Abstract: Piwi-interacting RNAs (piRNAs) are a newly discovered class of small non-coding RNAs involved in silencing of transposable elements and in sequence-specific chromatin modifications. PIWI proteins (PIWIL), which belong to the family of Argonaute genes/proteins, bind to piRNAs and function mainly in germ line cells, but more recently were described to be functional also in stem cells and cancer cells. To date, there have been four PIWI proteins discovered in humans: PIWIL1, PIWIL2, PIWIL3, and PIWIL4. Recent studies suggested that deregulated expression of PIWI proteins and selected piRNAs is common to many types of cancers. We found significantly lower expression of PIWIL1 (P,0.0001) and piR-823 (P=0.0001) in tumor tissue in comparison to paired renal parenchyma. Further, we observed a progressive decrease in PIWIL1 (P=0.0228), PIWIL2 (P=0.0015), and PIWIL4 (P=0.0028) expression levels together with increasing clinical stage. PIWIL2 (P=0.0073) and PIWIL4 (P=0.0001) expression also progressively decreased with increasing Fuhrman grade. Most importantly, low-expression levels of PIWIL1 (P=0.009), PIWIL2 (P,0.0001), and PIWIL4 (P=0.0065) were significantly associated with worse overall survival in renal cell carcinoma (RCC) patients. Our results suggest the involvement of PIWIL genes and piR-823 in RCC pathogenesis, and indicate PIWIL1, PIWIL2, and PIWIL4 as potential prognostic biomarkers in patients with RCC.
Introduction
Renal cell carcinoma (RCC) represents approximately 75% of all kidney tumors and 3% of all cancers in the adult population. 1 Piwi-interacting RNAs (piRNAs) are a newly discovered class of small non-coding RNAs with a length of 26-31 nucleotides. piRNAs were first identified in the germ cells of various animal species. [2] [3] [4] In the human genome, there were more than 24,000 distinct piRNA sequences identified till now, 5 and their deregulated expression was observed in breast, 6 bladder 7 and gastric cancer, 8 and multiple myeloma. 9 piRNAs bind to a specific subfamily of Argonaute proteins called PIWI proteins. Argonaute proteins are a highly conserved group of proteins divided into two main classes: AGO and PIWI. In humans, four PIWI genes were identified. PIWI proteins in humans include PIWIL1/HIWI, PIWIL2/HILI, PIWIL3, and PIWIL4/HIWI2. 10 They bind piRNAs and amplify them in the so-called ping-pong cycle, which is endoribonuclease Dicer independent. Their physiological role is transposon repression through base-pairing and direct degradation. 11 They are also involved in DNA methylation but the exact mechanism of action remains unknown. 12 These days, there is increasing evidence to show that PIWIL proteins are linked to the hallmarks of cancer defined by Weinberg and Hanahan, such as deregulated cell proliferation, altered apoptosis, genomic instability, invasion, submit your manuscript | www.dovepress.com
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Iliev et al and metastasis. 13 Recent studies also suggested that the deregulated expression of PIWIL proteins is common in tumor tissue, and PIWIL expression levels are correlated to clinicopathological features and survival in patients with cancer and PIWIL proteins. Therefore, they present promising cancer biomarkers. 13 In our study, we determined the expression levels of PIWIL genes in clear cell RCC tumors and paired renal parenchyma, and evaluated their association with clinicopathological features in patients with RCC. Further, we investigated whether the piR-823 expression, observed to be downregulated in gastric cancer, 8 is similarly deregulated in RCC tumors, and if there is a correlation between piR-823 and PIWIL gene expression due to their involvement in piRNA biogenesis. 
Materials and methods Subjects
RNA extraction and qPCR
RNA isolation was performed using mirVana miRNA Isolation Kit (Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. RNA yield and purity were measured using a spectrophotometer NanoDrop 1000 (Thermo Fisher Scientific, Waltham, MA, USA). cDNA was synthesized using the High-Capacity cDNA Reverse Transcription Kit (Life Technologies) according to the manufacturer's recommendations. Quantitative polymerase chain reaction (qPCR) was performed in a total volume of 20 µL using specific probes for PIWIL1 (Hs01041737_m1), PIWIL2 (Hs00216263_m1), PIWIL3 (Hs00908825_m1), PIWIL4 (Hs00381509_m1; Life Technologies), and peptidylprolyl isomerase A (PPIA, 99999904_m1 Hs) as an endogenous control. cDNA synthesis of piR-823 was carried out using TaqMan MicroRNA Reverse Transcription Kit (Life Technologies). The primers and probe were designed and synthesized (Life Technologies) accordingly to the piR-823 sequence 5′-A GCGUUGGUGGUAUAGUGGUGAGCAUAGCUGC-3′. The expression level of piR-823 was computed relatively to endogenous control RNU44. qPCR was performed on an ABI 7500 (Life Technologies). Relative expression was calculated using a ∆Ct method. 
Results
We determined the expression levels of PIWIL genes and piR-823 in tumor tissue of 57 patients with RCC and 38 samples of matched non-tumor renal parenchyma. First, we compared the expression levels of PIWIL genes and piR-823 in paired samples of RCC tumor tissue and non-tumor renal parenchyma. We found significant downregulation in the expression levels of PIWIL1 (P,0.0001) and piR-823 (P=0.0001; Figure 1A and B). Receiver operating curve 
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Iliev et al analysis revealed that the tissue levels of both PIWIL1 and piR-823 could serve as appropriate biomarkers for differentiating tumor tissue from non-tumor renal parenchyma with the area under the curve of 0.8620 (95% confidence interval: 0.7690-0.9543, P,0.0001) reaching the 86% sensitivity and 75% specificity for PIWIL1, and 0.9975 (95% confidence interval: 0.7908-0.9842, P,0.0001) reaching the 89% sensitivity and 78% specificity for piR-823, respectively ( Figure 1C and D) . Expression levels of piR-823 were significantly correlated with PIWIL1 expression levels (r=0.4242, Figure 1E ) supporting its involvement in piR-823 biogenesis. We have observed no significant differences in the expression levels of PIWIL2, PIWIL3, and PIWIL4 between tumors and paired renal parenchyma (Table 1) . Further, we evaluated correlations of PIWIL genes and piR-823 with clinicopathological features and survival in patients with RCC (summarized in Table 1 ). We observed progressive decrease in PIWIL1 (P=0.0007, Figure 2A ), PIWIL2 (P=0.0174, Figure 2B ) and PIWIL4 (P=0.00403, Figure 2C ) expression levels together with increasing clinical 
P=0.0065;
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PIWIL genes and piR-823 in renal cell carcinoma stage. PIWIL1 (P=0.0213, Figure 2D ), PIWIL2 (P=0.0033, Figure 2E ) and PIWIL4 (P,0.0001, Figure 2F ) expression progressively decreased also with increasing Fuhrman grade. Most importantly, low-expression levels of PIWIL1 (P=0.009, Figure 3A ), PIWIL2 (P,0.0001, Figure 3B ) and PIWIL4 (P=0.0065, Figure 3C ) were significantly associated with worse overall survival in patients with RCC. PIWIL3 and piR-823 were not correlated with any evaluated clinicopathological feature of RCC.
Discussion
In our study, we quantified the expression levels of PIWIL1, PIWIL2, PIWIL3, and PIWIL4 genes and piR-823 in paired samples of RCC tumor tissue and non-tumor renal parenchyma. Significant differences were observed only in the case of PIWIL1 and piR-823, whose levels were significantly decreased in tumor tissue. Accordingly, decreased levels of piR-823 were also observed in gastric cancer. 8 The strong correlation between PIWIL1 and piR-823 expression levels observed in our study suggest involvement of PIWIL1 in piR-823 biogenesis. In agreement with our results, Al-Janabi et al described the trend of PIWIL1 expression to be decreased in RCC tumors (P=0.089).
14 In addition, they observed a significantly higher level of PIWIL4 in tumors (P,0.001), which was not shown in tumor tissues in our cohort of patients with RCC. Analogically, the expression of PIWIL genes is downregulated in seminoma and nonseminoma testicular tumors, probably due to the existence of promoter CpG island hypermethylation-associated silencing. 15 Contrary to this observation and our results, upregulation of PIWIL1 (HIWI) in tumor tissue was shown in glioma, 16 cervical cancer, 17 breast cancer, 18 and non-small cell lung cancer, while PIWIL2 and PIWIL4 genes were downregulated. 19 Further, we observed expression levels of PIWIL1, PIWIL2, and PIWIL4 to be progressively decreased with increasing clinical stage, and Fuhrman grade and lower levels of those genes to be significantly associated with the worse overall survival in patients with RCC. In agreement with our observations, Taubert et al described decreased levels of PIWIL2 protein to be significantly associated with poor prognosis in cohort of 202 bladder cancer patients (P=0.005). 20 A higher level of PIWIL4 mRNA was found to be associated with longer overall survival also in non-small cell lung cancer patients. 19 In patients with soft tissue sarcoma, Greither et al identified significant association between the low-expression levels of PIWIL2, PIWIL3, and PIWIL4 mRNAs and shorter tumor-specific survival. 21 Contrary to these observations and 
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Iliev et al also our results, the increased expression levels of PIWIL1 were correlated with tumor grade in gliomas 22 and associated with worse survival in colorectal cancer, 23 hepatocellular carcinoma, 24 and gastric cancer patients. 25 In gastric cancer it was also reported that PIWIL2 expression levels are associated with worse overall survival. 25 To conclude, we observed deregulation of PIWIL1 and piR-823 in tumor tissue of patients with RCC and significant association of PIWIL1, PIWIL2, and PIWIL4 expression with the survival of patients with RCC. It seems that PIWIL mRNA levels are commonly deregulated in tumor tissue and correlated with clincopathological features of tumors, however, the tendency of changes varies according to the tissue of origin. In urological tumors (RCC and bladder cancer), the expression of PIWIL genes is more likely to be downregulated and the loss of their expression is associated with a more aggressive phenotype of tumors and worse survival.
